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在常压、反应温度 620℃、液态空速 1.0 h-1、乙苯与水的体积比 1∶2 的反应
条件下，考察了脱氢气氛中 CO2、CO 对乙苯脱氢工业催化剂 Cat-A 和 Cat-B 活
性的影响。利用 XRD、IR、XPS 表征手段对催化剂物相和表面价态进行分析，
与催化活性关联，实验研究结果如下： 
1：反应气氛中 CO2 和 CO 能够引起工作态催化剂活性衰退；随着 CO2 和 CO
流量的增加，乙苯脱氢催化活性逐渐下降，表明 CO2、CO 是催化剂的毒性物质。 
2：CO2 能够破坏工作态催化剂表面上的活性相 KFeO2 和活性位 Fe-O-K 键，
随着 CO2 含量的增加，活性相 KFeO2 被破坏，活性位 Fe-O-K 键随之减少，引起
乙苯催化脱氢活性逐渐衰退。CO 能够和催化剂表面物相发生如下反应
3 4 2( )
COFe O KFeO FeO⎯⎯→ 。随着 CO 含量增加，Fe2+/Fe3+比值升高，其比值升高
过程是催化活性衰退过程。CO 比 CO2 更具有毒性。 
3：Cat-A 催化剂乙苯脱氢催化活性优于 Cat-B 催化剂，其乙苯转化率和苯乙
烯选择性分别高出 Cat-B 约 5 和 2 个百分点。Cat-B 催化剂催化活性达到稳定所
需时间比 Cat-A 催化剂约慢 17h，这是由于两者的主物相不同所致。Cat-B 催化
剂的主物相是 MgFe2O4，难以被 H2 还原成 Fe3O4；而 Cat-A 主物相为 K2Fe22O34，
容易被 H2 还原成 Fe3O4。 
4：Cat-B＃和 Cat-A＃催化活性对比：  
在实验室评价装置上，Cat-B＃和 Cat-A＃催化剂的乙苯转化率分别下降了 25
和 5 个百分点，这表明，在苯乙烯装置上一段的 Cat-B 催化剂已无法操作。 
Cat-B 催化剂没有添加 Mo 助剂，而 Cat-A 催化剂有添加 Mo 助剂，前者钾
助剂流失严重。Cat-B＃和 Cat-A＃表面 Fe2+/Fe3+分别是 0.60 和 0.53，表明 Cat-B＃
催化剂表面还原程度大，催化活性衰退快；同时 Cat-B 催化剂的 Mg，Ca 元素谱
峰强度分别是 Cat-A 催化剂的 1.6 和 3.6 倍，造成反应物裂解加剧，脱氢尾气中
的 CO2 和 CO 含量增加，导致催化脱氢活性下降。 
    5：Smart 工艺在两段串联反应器之间添加燃烧室，清除一段脱氢气中的 H2










































































Under the reaction conditions: temperature was 620 ℃, pressure is atmospheric, 
space velocity was 0.6 h-1 and Steam/EB ratio (in volume) was 0.5,The effects of both 
CO and CO2 in the reaction system on ethylbenzene dehydrogenation activity of 
Fe-K-based catalysts at 620℃ were investigated. The crystal structure and surface 
state of the catalyst were studied by using X-ray diffraction, IR and XPS methods, and 
related to the ethylbenzene dehydrogenation activity of the catalysts. The results are 
shown as follows:  
1: The activity of the functioning catalyst decreased after the catalyst was treated 
by CO2 and CO. With the increase of the flow rates of both CO2 and CO, the activities 
of the catalysts for the ethylbenzene dehrogenation decreases. This indicated that CO2 
and CO are toxical for catalysts, CO was found to be worse than CO2 under the same 
conditions  
2: CO2 destroyed the active phase KFeO2 and active site of Fe-O-K bond. Along 
with the flow rate of CO2 increased, the active phase KFeO2 was destroyed and the 
amount of Fe-O-K bond decreased gradually, which resulted in the deactivation of the 
catalyst. CO could react with surface component: 3 4 2( )
COFe O KFeO FeO⎯⎯→ . Along 
with the flow rate of CO increased, the Fe2+/Fe3+ ratio increased, leading to. the 
deactivation of the catalyst. CO was found to be more poisonous than CO2. 
3: The Cat-A activity for EB dehydrogenation was measured to be better than 
Cat-B, the EB conversion and the selectivity to styrene over Cat-A was higher by 
about 5 and 2 percents than that over Cat-B, respectively. The time required to 
achieve stable activity for Cat-B needs 17h more than that for Cat-A. This was due to 
the difference of main phases. The main phase of Cat-B is MgFe2O4 that is difficultly 
reduced to Fe3O4 by H2, while, the main phase of Cat-A is K2Fe22O34 that is easily 
reduced to Fe3O4 by H2. 
4: Cat-A＃ and Cat-B＃ activity comparison： 
The EB conversion for Cat-B＃and Cat-A＃  decreased 25 and 5 percents in lab 















installations of the first reactor. The loss of potassium for cat-B which contained no 
Mo additive was found to be more serious than that for cat-A which contained Mo 
additive. The surface ratios Fe2+/Fe3+ of Cat-B＃to Cat-A＃ were 0.60 and 0.53, 
respectively, which showed that the reduction degree of the surface was big for Cat-B
＃, suggesting that cat-B deactivated quickly. At the same time, the peakintensities of 
Mg and Ca element in Cat-B were 1.6 and 3.6 times in comparison with that in Cat-A, 
implying that the cracking reaction intensified, as a result, the content of CO2 and CO 
increased, and the activity decreased finally. 
5: In Smart technology, a burning chamber was added between two reactors 
connected in series. Smart technology can remove H2 and CO from the reaction 
atmosphere in the first reactor, at the same time, solves the energy supplement 
problem, but it can not eliminate the toxic gas CO2. In order to avoid CO2 poisoned 
the catalyst in second reactor, suggesting that the connection in series of the two 
reactors was changed to parallel connection of two reactors. 
 


















第一章   绪  论 
1 






















乙苯催化脱氢法 早是由 DOW 化学公司和德国 BASF 公司开发，迄今仍是
苯乙烯的主要生产方法。 
乙苯脱氢的主反应：C6H5-C2H5→C6H5CH＝CH2+H2  △H=+124KJ/mol 
乙苯脱氢的副反应：C6H5-C2H5→C6H6+C2H4 
                   C6H5-C2H3+2H2→C6H5-CH3+CH4 
                   C6H5-C2H5+H2→C6H5-CH3+CH4 
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